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BPAXEIA ANALKOIMHIH

Clinical, classical and molecular genetics
of 21-hydroxylase deficiency
Current concepts

Congenital adrenal hyperplasia due to deficiency of the enzyme 21-hy-
droxylase (21-0H) is divided into the classical and non-classical forms. It is
one of the most common autosomal recessive inherited diseases in hu-
mans. The classical form appears at a rate of between 1:5,000 and 1:15,000
among the live neonates of North America and Europe. The rate of the
non-classical form is especially high among Ashkenazi Jews and some
Mediterranean populations (i.e. Italians, Hispanics). Three alleles are as-
sociated with the 21-OH locus and can combine in various ways to give
rise to individuals who are either unaffected, heterozygote carriers, or
affected with the classical or non-classical disease. Variable signs and
symptoms of hyperandrogenemia (hirsutism, acne, virilization, short stat-
ure, menstrual irregularities) are common in both forms of the disorder.
Between the genes responsible for the synthesis of the enzyme 21-OH
and the antigens of the HLA system there exist both a proven genetic
linkage and a proven genetic linkage disequilibrium. The most common
haplotypes usually observed in the classical form are HLA-B,,,,, HLAB; and
HLA-B;; and in the non-classical form of the disease the haplotype HLA-
B.,DR,. The great progress in molecular biology during recent years has
resulted in the development of hew sensitive methods of DNA analysis
and study, such as polymerase chain reaction and southern blot analysis.
The synthesis of 21-OH is controlled by two genes, the active CYP21B
gene and the CYP21A pseudogene. All forms of the disease have known
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sequences of gene changes due to mutations in isolated proteins or to
translocations or deletions of genetic material whole series of genes.

Congenital adrenal hyperplasia (CAH) caused by a
deficiency of adrenal 21-hydroxylase (21-OH) is an au-
tosomal recessive inherited disorder of steroid metabo-
lism and is divided in to the classical (C-CAH) and the
non-classical (NC-CAH) form.?? 21-OH block is the most
common form of CAH (90% of cases), the most fre-
quent cause of sexual ambiguity and the most frequent
endocrine cause of neonatal death. The prevalence of
these disorders is high and CAH has been estimated to
affect approximately in 1,000 non-Jewish Caucasianl
women.?® Heterozygocity for 21-OH deficiency has been
estimated to affect approximately 1 in 60 of the general
non-dJewish Caucasian population, although it may affect
as many as 1 in 3 Ashkenazi Jews.®” Close genetic link-
age between the HLA complex located on the short arm
of chromosome6 and 21-OH deficiency was first de-
scribed by Dupont at al.? Studies of families with inform-
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ative recombinations clearly indicate that the 21-OH de-
ficiency gene segregates with HLA-B, constituting genet-
ic linkage with this locus.??° The great progress in molec-
ular biology during recent years has resulted in the de-
velopment of new sensitive methods of DNA analysis
and study, such as the polymerase chain reaction (PCR)
and southern blot analysis. The synthesis of 21-hydroxy-
lase is controlled by two genes, the active CYP21B gene
and the CYP21A pseudogene.!?

CLINICAL GENETICS
Forms of the disease

There are two forms of the disease: (a) The classical
form of which the most prominent features are viriliza-

tion of the external genitalia and/or the body (simple
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virilizing form) or virilization of the external genitalia
and/or the body with renal salt wasting as defined by
hyponatremia, hyperkalemia, inappropriate natriuresis and
low serum and urinary aldosterone (salt-wasting form of
CAH).? (b) The non-classical form characterized by viri-
lization, menstrual disturbances, acne, obesity, oily skin,
hirsutism and sterility. Oligospermia and subfertility have
been reported in men with 21-OH deficiency.”

Classification

The scheme of classification which was proposed by
Kohn et al has been accepted by the international scien-
tific community in general. This scheme recognises three
alleles for 21-OH deficiency: 21-OHdroma!, 21-OHd™™,
and 21-OHd*v. The classical disorder results when a
person is homozygous for 21-OHd*"*", In the non-classi-
cal disorder the following phenotypes exist: 21-OHd™d/
21-OHd™™ or 21-OHds®vere/21-OHd™H, Heterozygotes
have the mildest enzyme deficiency and may be clinical-
ly asymptomatic. Their phenotype is 21-OHd™/21-
OHdroma or 21-OHd®*vre/21-OHd ™. Cryptic 21-OH
deficiencies are biochemically indistinguishable from those

with the non-classical form and have the same geno-
type.’®

Incidence

Speiser et al found the frequency of NC-CAH and its
heterozygous forms to be respectively 1in 27 and 1in 3
for Ashkenazi Jews, 1 in 53 and 1 in 4 for Hispanics, 1
in 63 and 1 in 5 for Yugoslavs, 1 in 333 and 1 in 9 for
[talians and 1 in 1000 and 1 in 14 in other Caucasians.?
NC-CAH is one of the most common autosomal reces-
sive disorders in humans. Based on the 17-OHP response
to acute ACTH stimulation, the incidence of 21-OH de-
ficiency among hirsute Greek women has been estimat-
ed to be 3.4%.4

Clinical presentation

In the classical form of the disease, with almost com-
plete deficiency of the enzyme, 0-3% of the normal,
there may be virilization of the external genitalia of a
female fetus at birth (CAH due to 21-OH deficiency is
the most common cause of ambiguous genitalia in the
newborn and results in female pseudohermaphroditism).®
About one third of patiens with 21-OH deficiency have
the simple virilizing form.?® If untreated the female with
CAH will develop signs of progressive virilization. Pubic
hair will appear by age 2-4 years, followed by axillary
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hair. Bone age is advanced by age 2 years, and because
of early epiphyseal closure, height in childhood is achieved
at the expense of shortened stature in adulthood. Pro-
gressive masculinization continues, with development of
the male habitus, acne, deep voice, amenorrhea and in-
fertility. An electrolyte imbalance of the salt-losing type
occurs in approximately one-third of patients with the
virilizing form and is usually apparent within a few days
of birth. The infant with this disorder goes on to develop
an Addisonian-like crisis with hyponatremia, hyperkale-
mia and acidosis.

Rapid diagnosis and treatment are necessary to save
these infants. The non-classical form of 21-OH deficien-
cy, with enzyme deficiency of about 30-50% of normal,
is a disease of extreme phenotypic diversity. Individuals
with the disease, while normal at birth, may present peri-
or post-pubertally with symptoms such as precocious
adrenarche, acne, hirsutism, menstrual irregularity, clito-
romegaly, amenorrhea, short adult height and infertility.
Cryptic patients may develop symptoms and sympto-
matic non-classical patients have been observed to un-

dergo spontaneous improvement.??1¢

CLASSICAL GENETICS
The major histocompatibility complex (MHC)

The Human Leucocyte Antigens (HLA) complex, cod-
ing for a large number of leucocyte surface antigens
important in human organ transplantation, is comprised
of several closely linked loci. Four of these, HLA-A, HLA-
B, HLA-C and HLA-D/DR can be defined by serologic
testing and have been subdivided on the basis of the
specific tissue antigen produced by each of their multiple
alleles. One allele from each of the HLA loci A, B, C, and
D/DR constitutes a haplotype. Each person carries two
halpotypes, one from the father and one from the moth-
er. From studies of families the 21-OH gene was local-
ized between HLA-A and glyoxalase I, probably between
HLA-B and DR.?”

Genetic linkage with HLA and genetic linkage
diseqiuilibrium

Close genetic linkage between the HLA complex lo-
cated on the short arm of chromosome 6 and 21-OH
deficiency was first described by Dupont et al in 1977.7°
In this study, HLA genotyping of parents and children in
six families with one or more child affected with CAH
due to 21-OH deficiency was performed. Each individual
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inherits one chromosome 6 from his father and one from
his mother. In five of the six families, all of the affected
offspring were HLA identical, and all were HLA different
from their unaffected sibs. In the sixth family, the two
affected sibs were HLA-B identical. At the Eighth Inter-
national Histocompatibility Workshop, it was calculated
by statistical methods of genetic analysis that the Lod
score for linkage between HLA and 21-OH deficiency
CAH was 15.65. The Lod score is a statistical index of
the genetic linkage and a value >3 means that linkage
exists.!” In genetic studies, it is important to distinguish
between genetic linkage and genetic linkage disequilibri-
um, which is the non-random association of alleles of
different genetic loci. Thus, not only are 21-OH deficien-
cy and HLA genetically linked, but there is genetic link-
age disequilibrium between 21-OH deficiency and HLA
alleles. For classical 21-OH deficiency, the most signifi-
cant association is with HLA B,;.? Genetic linkage dise-
quilibrium also has been reported for the nonclassical
form of 21-OH deficiency and a significantly increased
frequency of HLA By;, DR; has been observed.’® The
HLA antigens Bs, Bss and By, are also associated with
increased risk of classical 21-OH deficiency.® The other
significant HLA-B antigen association with NC-CAH is
the HLA Bg3s.”%

MOLECULAR GENETICS

The new sensitive methods of DNA analysis and study
such as the polymerase chain reaction (PCR) and south-

ern blot analysis have been applied to the investigation
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of 21-OH deficiency.

By hybridizing a human 21-complementary DNA
(cDNA) probe to genomic digests, White and colleagues
detected two genes encoding 21-OH hydroxylase en-
zyme, the active CYP21B gene and the CYP21A pseu-
dogene. Both genes are located at the site of the genes
HLA and are closely related to the C4;A and C,B genes
encoding the components of complement.?! The muta-
tions, translocations or deletions which have been ob-
served in the classical and non-classical form are shown
in table 1.

Classical form

The deletion of CYP21B and C4B genes which is
related with the A;BW,;DR; haplotype was the first mu-
tation reported.?”’ The mutation of adenine or cytosine at
intron 2 (A or C—G) was the most frequent genetic
change related with the classical form of the disease.?’?!
The other mutations related with complete deficiency of
21-OH enzyme are the mutation in codon 318, the de-
letion of eight pairs of bases in exon 3, the mutation
Arg—>*¢Trp and four mutations in the cluster: lle-Val-
Clu-Met?26239— Asn-Glu-Glu-Lys.?? The mutation lle!”2
—Asn is related specifically with the simple virilizing form
of the disease, with enzyme activity of 3-7% of the nor-
mal activity.®®

Non-classical form

The mutation Val?®'—Leu was observed in patients
with the HLA-B,;,DR; haplotype.?# In some populations,

Table 1. Genetic changes which resulted/deletion or deficiency of 21 hydroxylase enzyme.

Genetic change Mapping Phenotype Enzyme activity
Aor C»G Intron 2 Sv/sw minimal (~1)
deletion of pairs and bases Exon 3 swW 0

lle'’? — Asn Exon 4 sV 3-7
lle?*6—Asn

Val?*’—Clu Exon 6 sw 0
Clu—>Clu

Met?® — Lys

Clu?? — Ser Exon 7 sw 0
Arg®® — Trp Exon 8 sv/sw 2
Pro®*® — Leu Exon 1 NC/Sv 30-60
Val?® — Leu Exon 7 Nc 20-50
Pro*3—Ser Exon 10 Nc 20-50

sw: Classical form with salt wasting, sv: Simple virilizing form, Nc: Non-classical form, } Cluster
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such as Ashkenazi Jews, this mutation was a common

genetic polymorphism with a gene frequency of more
than 10%. The mutation Pro%*—Leu is detected in one

third of alleles of patients with the non-classical form of
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the disease.?> Other mutations are the mutation Pro®**—Ser

which was observed later.?s Further investigations are in

progress to elucidate the complete molecular genetics of

this disease.

MNEPIAHYH

KA1vikni, KNao1kni Kal popiakn YeEVETIKNA tng avendpkelag tng 21-v6pofundong
E. TPAKAKHZ
B' Maisvtikn-Ivvaikodoyikn Kavikn, I'Navermornuio ABnvav, Aperaicio Noookoueio, ABnva

Apxeia EAAnvikng latpiking 2002, 19(5):534-538

H ocvyyevng vnepndacia tov emveepibiov, nov ogeidstar o avendpkeia tov gvzopov 21-v8pofundon (21-
OH), Siakpivetal otnv KAAGCIKNA KAl Pn KAACIKA, OYIPNG Ep@Aaviong pop@n, Kal anotesi éva and ta cuxvorepa,
KAtd autoo®UATIKO LNoAsopevo tono, petadidépsva voonpara tov avlpaonov. H cuxvéinta tng KAacikng
popeng kupaivetal petaft 1:5.000 ka1 1:15.000 ota veoyvd octovg nAnBuopoig tng B. Auepiking kar Evpdnng,
£U® n ocLXVAOTNTA TNG PN KAACIKAG HOPEPNG tTng véoov eival 181aitepa vwnAn otovg EBpaiovg-Aschkenazi ka1 ¢’
éva pépog TV pecoyelak®dv dadv. Ta tpia aAdniia tng 21-OH pnopovv va cvvbvactobv pe 81dpopoug
TPOIOLE OTOLE AVOPAIIOLE Kal va MPOKVYOULV PLOIOAOYIKA ATOUA, ETEPOZLYMTIEG KAl KAIVIK®AG MACXOVIEG HE TNV
KAAOIKN Kal pn KAAoikn popen. Ta ovpntdpara kai onpeia vnepavdpoyovaipiag (§acuipixiopdg, akun, appevo-
noinon, Bpax\ avdotnua, Siatapax£g tng epunvoppLoiag) sival Kovd og ap@OTEPOLS TOLS TUMOVS TNG EVZLUI-
kNg Siatapaxng. Metafb tov yovibiov tov evzipov 21-OH kai tov aviiyévav tov cvothpatog HLA veiotatal
yevenlkn obubeon Kal yeveTllkn ovvdeon avicopponiag. O1 cuvnBéotepol anASTLIIOI MOL CLYAVIMVTAlI OTNV
KAAOCIKA pop@n tng véoov eival o1 HLA B, 47, HLA-B; ka1 HLA-B35, v otn pn KAAoIKA popen o anAdTunog
HLA-B,DR;. H peydnn npéodog tng Mopiakng Bionoyiag towv tenevtaiov €10V £iXe o¢ anotéAsopa tnv
avdntuén gvaioBntwv pebddwv avdnvong kai penéing g Sopng tov DNA, dnwg n anvoibwtn aviiSpaon tng
noAvpepdong kai n avdivon Southern blot. H obu8eon tov gvzipov 21-OH eAéyxetar and &vo yovidia, 1o
evepyd yovidio CYP21B kai to pevdoyovidio CYP2I1A. Kai otig 1peig popeég tg véoov éxovv avagpepBel
yovibiakég petaBonég, mov ogsidoviar os petanidaeig tov yowidiov tng 21-OH, Siapetabéosigc 1 enAsipeig

YEVETIKOU LAIKOD.

Aé8e1g evpetnpiov: [evetikA, Zuyyeving vnepniacia emveEpiSiov
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